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At the beginuing of the century, Richet {Richet and Portier, 1936) separated
four pharmacologically active substances from the tissues of the sea anemone Ac-
tinia (= Metridion [Hand, 1954] ). Since that time a great deal of effort has been
directed toward the investigation of toxic materials occurring in coelenterates. It
1s now generally accepted that Richet's extracts were mixtures of several sub-
stances (\Welsh, 19601), and a variety of compounds have been suggested as possible
components of coelenterate toxins. Among the substances reported in toxic ex-
tracts of coelenterate tissues are histamine (Mathias, Ross and Schacter, 1960),
tetramethylated ammonium bases (Welsh and Prock, 1938), serotonin (Welsh,
1960}, polysaccharide substances ( Phillips, 1936; Martin, 1960), and proteins of
various molecular weights ( Phillips and Abbott, 1938; Kline aud \Waravdekar,
1900 ; Lane, 19601 : Blanquet, 1963). Several methods for obtaining isolated nema-
tocysts have been described (Phillips, 1936: Lane and Dodge, 1938 Yanagita,
1939). Some investigators, however, have continued to use a variety of tissues,
and in some cases entire animals, as a source of material presumed to originate in
the nematocysts. The situation has been further complicated by the wide variety
of animals used as sources of test material and for bioassay.

The pharmacological effects of coelenterate toxins have been investigated on a
variety of physiological preparations including frog muscle, rat uterus and guinea
pig ileum (Mathias ef al., 1960) : mice (l.ane, 1961 ; Martin, 1966) : canine cardio-
vascular system (Hastings, Larsen and Lane, 1967): molluscan heart (\Welsh,
1956) ; and crustacea (Lane, 1961 ; Blanquet, 1968). These studies have provided
valuable clues as to the possible nature of coelenterate toxins. Unfortunately, it
has been difficult to correlate pharmacological effects with specific substances
known to be present in coelenterates, and the reaction of different assay prepara-
tions to the same compound have varied widely (cf. Welsh, 1936 Mathias ef al.,
1960 ; Hastings et al., 1967 ).

The purpose of the following study was to investigate the toxicity of material
released upon discharge of isolated nematocvsts from Metridinm and to classify
the principle active components of the toxin. Serotin, quaternary anines and in-
doles which are repeatedly mentioned in connection with cnidarian toxicity, were
given particular attention.

MATERIALS AND METHODS

Sea anemones, Metridinm senile senile Linnaeus (1767), were obtained from
the vicinity of St. Andrews, New Brunswick. Isolated nematocysts were obtained
by the method of Blanquet (1968). Five or six anemones (approximately 15 ¢
live wet weight per anemone) were placed in 200 ml of 1 M/ sodium citrate, and
prodded with a glass rod to induce the expulsion of acontia. After five to ten

1 This work was supported by the National Research Council of Canada under Operating
Grant £A4696.
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minutes, the animals were removed from the citrate, and the acontia were allowed
to mcubate for 12 hours at 4° C. This treatment results in the extrusion of
undischarged nematocysts from the acontia threads. The citrate suspension was
then passed through a nylon mesh screen (Nytex 64, B. and S. H. Thompson Ltd.,
Montreal) with the aid of suction to remove the acontia threads, centrifuged in
the cold (4° C) at 480 X ¢ for one hour to collect the nematocysts, and the super-
natant fluid was decanted. The isolated nematocysts were examined microscopi-
cally in order to determine the percentage undischarged. The nematocysts were
discharged by re-suspending in distilled water followed hy incubation for 12 hours
at 4° C. At the end of this time, a second examination was made for undischarged
nematocysts.  The nematocyst-fluid mixture was centrifuged in the cold (0° C)
for 40 minutes at 12,100 X ¢, and the resulting supernatant lyophilized in a Virtis
micro freeze-drying apparatus.  The apparatus was kept refrigerated at 4+° C or
below during the lyophilization process. The resulting lyophilate was termed
“erude toxin extract.” In some cases, the pellet from the final centrifugation was
homogenized i a chilled Potter-Elvejhem apparatus, centrifuged, and the super-
natant lyophilized. The lyophilate so obtained was termed “crude pellet extract.”

Bioassay of extracted material was performed on crayfish, Orconectes virilis or
O. propinquus obtained from streams i the vicinity of Toronto, Ontario, and from
a local supply house. These species were used interchangeably, as they responded
identically to crude toxin extract in early experiments.

Lyophilates of material to be assaved were dissolved in distilled water to give
the desired concentration, and were injected mto the hemocoel of the test animals
via the base of the third walking leg. Bovine serum albumin (BSA), sea water,
and sodium citrate were mitially emploved as controls. In later experiments, BSA
only was used.

LD, values were determined as follows: Groups of test animals (O. wirilis or
O. propinquus) were injected with doses of crude toxin extract based on the wet
weight of the cravfish.  Six amimals were used at each dose level, and a sufficient
variety of dosages used to provide at least five points in plotting the dose-response
line. Deaths occurring within 24 hours were considered to have resulted from
injected material.  Criteria of death were lack of movement when probed and loss
of tonus i the chelipeds. No surviving animals were re-used. Response data
were analyzed by plotting the logarithm of dose against the percentage mortality,
and fitting a straight line by regression (Snedecor and Cochran, 1967). A dose
calculated to produce 509 mortality was then determined with confidence limits
at the 95% probability level.

Potency of various extract fractions, relative to that of the whole crude extract,
was calculated by the single dose method of Bliss (1952). In this method the
mean response of two groups of test animals to a single dose level of the fraction
being assayed is compared to the expected response based on the line used to
calculate the LD,

Crude pellet extracts were examined for toxicity hy injecting doses ranging
from 100 to 750 mg/kg live body weight into six-animal test groups of crayfish
O. wirilis.

To determine the effects of heating, prolonged hydration, and repeated lyophili-
zation, samples of crude toxin extract were rehydrated, heated at 55° C for 30
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minutes and assayed on two groups of crayfish as described above. Additional
samples were rehydrated and incubated at 4° C for 48 hours, after which they
were assaved as for the heat-treated material. Samples of crude toxin extract
were rehydrated and immediately lvophilized. The Ivophilate was rehivdrated and
assayved as described above. -

Studies of comparative toxicity were conducted on two ten-animal test groups
of the fiddler crabs Uca pugilator and Sesorma reticulatim from the vicinity of

’anacea, Florida, and on two six-animal test groups of the crayfish Procambarus
econfinae, obtained from a commercial supplier in the southeastern United States.
The results of these studies were compared with data from toxicity studies using
O. wirilis and O. propinquus.

Since protein was suspected of being responsible for part or all of the toxic
activity of the crude toxin extracts, protein content of each batch was determined
by the Folin method described by Lowry, Roseborough, Farr and Randall (1931),
using BSA (Sigma Chemicals) as the protein standard. As a check on the
accuracy of the FFolin method, nitrogen content of duplicate samples of crude toxin
extracts was determined by the micro-Kjeldahl method described by Meites and
Faulkuer (1962).

In an attempt to concentrate the toxic material, dialvzed extracts were pre-
pared by rehvdrating 200 mg samples of crude toxin extract in 20 ml distilled
water and dialyzing against a single 31 volume distilled water. The dialysis system
was held for 48 hours at 4° C, after which the material in the dialysis tubing was
lvophilized. Cellulose dialysis tubing (Sargent S-232275A) was used.  Approxi-
mate pore size was determined by dialysing solutions of glucose, sucrose, and
rathnose, and analyzing for carbohvdrate passage through the tubing. Protein
determinations were made on each of the dialyzed extracts using the Folin method
described above. The dialyzed extracts were tested for toxic activity by injecting
two groups of six crayfish with doses of extract based on the body weight of the
individual crayfish.

Additional 200 mg samples were rehvdrated i1 5 ml distilled water and
dialyzed for 48 hours against a single 20 ml volume distilled water. The dialyzable
and undialyzable fractions were then assayed for total nitrogen content using the
micro-Kjeldahl method described above. In order to correlate dialyzable nitrogen
with non-protein nitrogen, residual nitrogen was determined in solutions of 100 mg
crude toxin extract which had been deproteinized by the addition of zinc sulfate
and barium hydroxide according to the method of Meites and Fautkner (1962).

Further 100 mg samples were rehydrated in 2 ml distilled water and dialyzed
against 20 ml distilled water for 48 hours. Dialyzable and undialyzable materials
were lyophilized. These preparations were assayed on the crayfish Procambarus
cconfinae.

As a potential aid in identifying the components of the toxic matertal, ultra-
violet absorption spectra were determined on crude toxin extract, chalvzable mate-
rial and undialyzable material using a Zeiss PMQ) 11 spectrophotometer.

Further information on the composition of the crude toxin extract and dialyzed
preparations was obtained using paper chromatography on Whatman #1 filter
paper. 500 pg samples of unhydrolyzed crude extract and dialyzed material were
used.  One dimensional chromatograms were performed using butanol-acetic acid-
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water (10:3:1), which proved to be more satisfactory than other solvent systems.
Acetone-water (8:2) was employed as the second solvent system for two dimen-
sional chromatograms.  Dried chromatograms were scanned with ultraviolet light
( Mineralight S1. 2337, short wave filter) to detect absorbing or fluorescing spots.
Following this, one of a variety of detection reagents was used: 0.2% ninhydrin
or copper sulfate for amines, Ehrlich’s reagent for indoles, Nessler's reagent for
carboxylic acids, acetylacetone and p-dimethylaminobenzaldehyde for hexosamines,
I-nitroso-2-naphthal for S-hydroxyindoles, potassium dichromate and 409% formahn
for aromatic amines (Dawson, Elliot, Elliot and Jones, 1939), and Dragendorf’s
reagent for the detection of quaternary ammonium bases (Bregoff, Raoberts and
Delwiche, 1953). In addition, serotonin content was determined by the method
of Udeniriend, Clark and Neissbach (1933), using serotonin creatinine sulfate
(British Drug Houses) as the standard.

Since the results of paper chromatography and the presence of dialyzable nitro-
gen compounds made the presence of amines a strong possibility, derivatives of
crude toxin extracts were prepared for possible melting point characterization,
Amines were prepared as actyl derivatives by reacting crude extract with acetic
anhydride, as benzenesulionyl derivatives by reaction with benzenesulfonyl chloride,
and as picrates by reaction with picric acid.  Amide derivatives of carboxylic acids
were obtained by reaction with thionyl chloride and subsequent coupling with am-
monium hydroxide.  Melting points were determined by placing a small amount
of the derivative into capillary tubes with one end secaled, and heating in n-hutyl
phthalate until melting occurred.  Two melting point determinations were made
for each derivative obtained.

The amino acid content of a combination of batches of crude toxin extract was
determined with a Beckman amino acid analyzer, for comparison with studies
which have reported high concentrations of aspartic acid (Lane, 1961), or glutamic
acid (Lane and Dodge, 1938), or the absence of tyrosine (Phillips, 1936).

Crude toxin extracts were tested for carbohydrate materials by dissolving 100
mg of extract in 1 ml distilled water, and reacting with alpha-naphthol and sulfuric
acid (Molisch test). Lipid content of crude toxin extracts was determined gravi-
metrically by extracting 100 mg samples with chloroform using the Sperry-Brand
technique (Ackermann and Toro, 1933).

Reagent grade chemicals were used throughout this study.

RESULTS

Microscopic examination at intermediate stages in the preparation procedure
revealed that the majority of nematocysts were of three types: basitrichous amas-
tigophores, microbasic mastigophores, and microbasic amastigophores (terminology
of 1land, 1961). Samples taken prior to incubation in distitled water had 1-10%
of the nematocysts discharged. After incubation in distilled water samples were
72-929 discharged. Very little cell debris was nated in pre- or post-discharge
samples.  Batches of crude toxin extract were all toxic, although the degree of
toxicity varied widely. No deaths occurred among control animals in any of the
bioassays performed in this study, including those injected with sodium citrate at
dose levels up to 750 mg/kg.  Rehydration and incubation for 48 hours at +° C
was found to reduce the toxicity of crude toxin extract (relative potency less than
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0.338).  Heating for 30 minutes at 33° C also lowered the toxic activity of the
extract (relative potency less than 0.093). Repeated lvophilization had no measur-
able effect on the activity of crude toxin extract.

Crude pellet extracts

Three batches of crude pellet extract were not lethal to any animals at dosages
up to 750 mg/kg live body weight.

Results of dialysis

Calibration of dialysis tubing with various sugars revealed that the tubing used
would pass material with molecular weight of 360 or less, but would not pass
substances with molecular weight of 340 or more (a more precise estimate of the
exclusion size of the tubing was not attempted, since this range would almost cer-
tainly prevent proteins from passing across the membrane).

TasLE |

Effect of dialysis and precipitation by barium hydroxide on nitrogen levels of material
released by discharge of isolated nematocysts of Metridium senile

. e § Total nitrogen Dialysable nitrogen | Unprecipitable nitroge:
Sample Number (ug/mg extract) | (ug/mg extract) | (ug/mg ;xtract) ==
1 | 2.00 0.70 | 0.74
2 ‘ 4.20 | 2.00 2.40
3 1.90 l 0.90 0.92
+ 0.90 0.24 0.29

Samples of crude toxin extract which had been dialyzed against a single 31
volume of distilled water were found to have increased protein concentrations of
18-34 fold. Bioassay, however, failed to demonstrate any increase in toxicity.
Folin protein determination of these preparations revealed that about half of the
material supposed to be protein in crude toxin extracts was dialyzable. Nitrogen
determinations of dialyzable and undialyzable fractions showed that 30-50% of the
nitrogen present in the crude toxin extract was dialyzable. In addition, the di-
alyzable nitrogen was found to correspond closely to the nitrogen remaining after
crude toxin extracts had been deproteinized by barium hydroxide and zinc sulfate.
These results are summarized in Table 1. Crude toxin extracts, when deprotein-
ized, still gave a blue color when treated with the IFolin reagent. This reactivity
disappeared, however, after dialysis.

Both dialyzable and undialyzable material were found to have toxic activity when
assayed on P. econfinae, and in this case the undialyzable material had actually
increased in toxicity relative to crude toxin extract assayed on the same species.
The relative potency of the undialyzable material was 5.94, and the relative potency
of the dialyzable material was 0.705,
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Differential toxicity

As it seemed possible that Procambarus cconfinae had a different sensitivity
to the toxin preparatious than Orconcctes propingnus, the potency of crude toxin
extract in . cconfinae was determined relative to O. propinquus and was found
to he 2.56.

Fiddler crabs Uca pugilator and Sesarma reticulatum were injected with sam-
ples of extract at the LLD,, level for O. propingquus. None of the animals in a
20-animal test group (each species) had shown any response (paralysis, autotomy,
tetany or death) 24 hours after mjection.

TasLe 11

Admino acid analysis of material released on discharge of isolated
nemaltocysts of Metridiun senile

Amino acid Concentration in 1.00 g sample
(ng)
Aspartic acid 204,022
Threonine 91.035
Serine 128.205
Glutamic acid 250,047
Proline 77.970
Glycine T 103.500
Alanine 115.344
Valine 82.485
AMethionine 41.571
[soleucine 70.740
Leucine 114.363
Tyrosine 82.355
Phenylalanine 69.300
Total 1470.937
Unknown approximately equimolar with proline

Results of paper chromatography

Paper chromatograms of crude toxin extract, dialyzable material, and un-
dialyzable material all showed two spots with rf. values of 0.20 and 042. The
spots were less intense in the nundialyzable fraction, but were distinct. In addition,
a spot was observed at the point of application on chromatograms of crude and
undialyzable material. This spot was ninhydrin positive, gave a blue Ehrlich reac-
tion, and absorbed ultraviolet light.  No further separation was obtained when two
dimensional chromatograms were run.  Both mobile spots gave a light blue fluores-
cence 11 ultraviolet light, a blue ninhvdrin reaction, vellow Ehrlich reaction, reacted
with copper sulfate, and gave a vellow-orange fluorescence in ultraviolet light when
sprayed with potassium dichromate-409% formalin.  The spot with r.f. = 0.20
produced a brown-orange spot when treated with Nessler's reagent. No reaction
was observed with Dragendorf’s reagent, 1-nitroso-2-naphthol, or acetvlacetone-p-
dimethylaminobenzaldehvde.  Six batches of toxin run on the same chromatogram
gave identical results.
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Results of other characterization procedures

Ultraviolet absorption spectra show a slow decline from 200 mp to 350 mp
without sharp peaks. This is probably due to inadequate purity of samples. Simi-
lar results were obtained for both crude and dialyzed materials.

Of the melting point derivatives obtained, only the picrate and benzenesulfonyl
derivatives were useful. The other preparations decomposed in the region of
230° C without prodncing distinct melting points.  The picrate derivative melted
at 162-164° C, while the benzenesulfonvl derivative remained stable at tempera-
tures up to 300° C.

Results of amino acid analysis on a combination of three batches are sum-
marized in Table 1. The quantities given were contained in 1.00 g crude toxin
extract. The sum of these quantities is 1470 pg total amino acids. The amount
of protein that shonld have been present in the analvzed material is 5392 pg, based
on the IFolin protein determinations of the original batches. If average concen-
trations (West and Todd, 1961, pages 280-281) are assumed for the amino acids
not shown in the analysis, the quantity of amino acids is about one-third that of
the IFolin reactive material.

All batches of crude toxin extract were found to contain no carbohvdrate mate-
rial by the Molisch test, and only traces (less than 0.29%) of lipids by chloroform
extraction.

Discussion

A significant quantity of the total nitrogen of nematocyst contents preparations
was dialyzable. The dialyzable material reacts in a manuer similar to that of pro-
tein when exposed to the Folin reagent. It is, however, very unlikely that the
dialyzable substance is a protein because of the small particle size involved
(molecular weight less than 340). The Folin method for protein estimation is

based on reactions with tyrosine and peptide bonds. It seems probable that other
aromatic amines might also react with the re: weent, and this could account for the
reduction of Folin reactive material in the dialyzed preparations. The amino acid
analysis substantiates this explanation, because it indicates a protein level in crude
toxin extracts which is about one-third of that indicated by the Folin method.

The possibility of the dialyzable substance heing a small l)el)ti(le was considered.
Such a peptide would have to have a molecular weight of less than 340, which
means that it could be composed of a maximum of seven amino acids (heptaglycine,
mol. wt. 323). If a peptide such as this were present, it would react with the
Folin rcagent, and the component amino acids would be counted as part of the
amino acid analysis of crude toxin extract. The total amino acids, however,
accounted for only one-third of the Folin reactive material. and barely accounts
for the total precipitable nitrogen. This makes the possibility of an unprecipitable,
dialyzable amino acid compound unlikely, and indicates that there must have been
present in the crude extract some substance other than amino acids capable of
reacting with the IFolin reagent.

The toxicity of crude and dialyzed preparation in Procambarus cconfinac sug-
gests that there are at least two toxic moieties, one dialyzable and the other un-
dialyzable. If there are, in fact, two toxic fractions, there is a possibility of syner-
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gistic effects, such as those occurring in certain snake venoms (Dimitrov and
Kankonkar, 1963). Recombining dialvzable and undialyzable materials failed to
increase the activity, hut this does not negate the possibility of synergism, since
prolonged hydration was shown to cause some change in the toxic material.  The
fact that heating, as well as prolonged hydration, also abolishes toxic activity of
the extracts, together with the amino acid analysis, indicates that the non-dialvzable
fraction is proteinaceous.

The results of chromatography also indicate that a proteinaceous substance and
dialyzable nitrogen compounds were present in the extracts. A non-mobile spot
at the point of application on chromatograms of crude and undialyzable material is
indicative of a proteiu-like substance in these materials. The reaction of the spot
with ninhydrin and Ehrlich’s reagent, and ultraviolet absorption are all charac-
teristic of proteins., The two mobile spots were observed i crude, dialyzable,
and undialyzable material.  Their occurrence in the undialyzable fraction is not
altogether surprising, since at equilibrium in the dialysis system there would theo-
retically be equal concentrations of dialyzable materials on both sides of the dialysis
membrane, assuming no eclectrochemical effects occurred.

The blue ninhydrin reaction, combination with copper sulfate, and yellow
Ehrlich reaction are all indicative of amines. Sky-blue fluorescence in ultraviolet
light and reaction with potassium dichromate-409 formalin are indicative of aro-
matic amines. The reaction of one of the spots with Nessler's reagent mdicates
that this compound is carboxvlated. Tt is unlikely that these compounds are
indoles, serotonin analogs, or tetramethylated ammonium compounds, since no
reaction was observed with reagents specific for these substances. Red colors with
acetylacetone-p-dimethylaminobenzaldehyde were also not obtained, making the
presence of hexosamines unlikely,

The formation of picrates is indicative of amines in general, while benzene-
sulfonyl compounds are formed by primary and secondary amines only. The melt-
ing points of these derivatives closely resemble the derivatives of certain inter-
mediate compounds in tryptophan metabolism (c.¢.. kynurenine, quinaldic acid),
fused ring or polysubstituted aromatic compounds (e.g. naphthylamine) and
histamine. The latter is noteworthy, in view of a suggestion by Welsh (1950)
that, because of similarities in its pharmacology, histamine or a similar compound
may be involved in toxic reactions to Metridinmn nematocysts.

Glutamic and aspartic acids were the most abundant amino acids in the hydroly-
sate of crude toxin extract. These findings arce in agreement with those sum-
marized by Picken and Skaer (1966).

It is interesting that many of the compounds which have been held by other
workers to be responsible for nematocyst toxicity were not found in this study.
Welsh and Prock (1958) reported a variety of quaternary ammonium compounds
in extracts made from whole animals or tentacles of Metridinm dianthus.  Phillips
(1956) reported the presence of serotonin in Metridium senile nematocysts, and
Welsh (1960) found high concentrations of this substance in tentacles of the same
species.  Phillips and Abbott (1957) later noted, however, that the concentration
of serotonin fell steadily as the toxin was purified (the nature of the purified toxin
obtained by Phillips has not been published). Lentz and Wood (1964), using
histochemical detection methods, have found serotonin both iuside the nematocyst
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and the surrounding cnidoblast of Metridion. No indication was obtained in the
present study of the presence of serotonin in either tentacles or crude toxin extract.
nor was any indication found of the tetramethylated ammonium bases which have
been reported.

The occurence of differential toxicity dependent upon the species of animal used
for bioassay suggests that many seemingly contradictory studies may. in fact, be com-
patible.  Welsh and Prock (1938, page 538) reported that extracts of Metridinni
dianthns tentacles contain “factors which, in considerable dilution, produce spon-
taneous autotomy of legs, followed by paralysis and death |in Uca pugilator].”
Phillips and Abbott (1937) reported that extracts of isolated nematocysts were
pharmacologically active in Littorine planaxis. In contrast, Mathias et al. found
1o pharmacologically active substance in macerated tentacles of Ietridium senile
when assaved in isolated organ preparations from a variety of vertebrates. In
view of the highly variable response of different species of animals to the same
extract in the present study, it is reasonable to suppose that the different findings
actually reflect the difference in the assay organisms, rather than in the substances
being assayed. Indeed, Welsh (1936) reported differences in pharmacological
activity of tetramethylammonium, which mimics the action of Metridium toxins
assayed on Uca pugilator, but has the opposite effect on Hemigrapsus nudus.

Although research on Scyphozoan nematocyst toxins has been comparatively
scanty the available information suggests that there are similarities between Scypho-
zoan and Anthozoan toxins.  Welsh (1936) found evidence of an amine in Cyanea
tentacle extracts which has excitory action when assayed on the isolated heart of
the horse clam Schisothacrus nutiallii.  In a later paper, Welsh and Prock (1938)
reported the presence of tetramethylammonium, homarine, trigonelline, and y-
butvrobetaine in tentacles of Cyanca, but pure samples of these compounds did not
have the same pharmacological activity as Cyanca tentacle extracts when assaved
on Uca pigilator. Barnes (19006) has reported on the occurrence and pharma-
cology of the Irukandji carvbdeid, Chironex fleckeri, and Chiropsalnis quadri-
gatus which are a serious health hazard in tropical waters. The symptoms pro-
duced are skin wheals, edema, deep tissue necrosis, and cardiac arrest. The lack
of paralysis and general organ pathology suggest that the toxic agent(s) may be
similar to those found among the Anthozoa.

The obvious discrepancies in reported toxin compositions among the various
studies are probably due to tissue contaminants in various preparations. The little
work which has been done with isolated nematocysts seems to indicate that the
toxin of a particular species of cuidarian is fundamentally simple, and there is,
i fact no direct link between any of the substances reported in tissue extracts and
the toxicity of nematocyst contents. The results of this study indicate that the
toxin of Metridiun senile is also sumple, in that it may be composed of a protein
and one or two aromatic amines, which previously have not been reported.

SUMMARY
1. Material discharged by isolated nematocysts of Metridinon senile senile

Linnaeus (1767) has been found to be toxic to crayfish Orconectes virilis Hagen
(1870). O. propinquus Girard (1852), and Procambarus econfinae Hobbs (1942).
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2. The toxim appears to be composed of a proteinaceous, undialyzable fraction,

and a dialyzable fraction containing two aromatic amines.

3. The amines are probably fused or polyvsubstituted ring compounds, one of
which 1s carboxylated.

+. The crude toxin has varying potency, depending upon the species of assay
ammal used.

5. With the possible exception of histamine, none of the compounds previously
suggested as possible components of the nematocyst toxin were found.

LITERATURE CITED

AckernmAaN, P G, axp G. Toro, 1963. Blood lipids. Pages 249-272 in S. Frankel, S. Reit-
man, and A. C. Sonnenwirth, Eds., Clinical Laboratory Methods and Diagnosis. C. V.
Moshy Co., St. Louis.

Barxes, J. H., 1966. Studies on three venomous Cubomedusae. Pages 307-332 in W. J. Ross,
Ed., The Cuidaria and their Evolution.  Academic Press, Aberdeen.

Braxguer, R., 1968. Properties and eomposition of the nematocyst toxin of the sea anemone
Aiptasia pallida.  Comp. Biochem. Physiol., 25: 893-902.

Buiss, C. 1., 1952, The Statistics of Bioussay. Aecademic Press, New York, 183 pp.
Brecorr, H. M., E. Roeerrs axp C. C. DrrLwicHE, 1953. Paper chromatography of quater-
nary ammonium hases and related compounds. J. Biol. Chem., 205: 565-374.
Dawsox, R. M. C., D. C. ErLior, W. H. ErLior Axp K. M. JoxEs, 1959. Data for Biochemi-

cal Research.  Clarendon Press, Oxford, 299 pp.

Dunrtrov, G D, axp R. C. KANKONKAR, 1968, Fraetionation of [7ipera ruselli venom by gel
filtration. 1. Comparative study of yellow and white venoms of Iipera russelli with
special reference to the loeal neerotizing and lethal actions. Toxicon, 5: 283-288.

Hanp, C., 1954 The sea anemones of central Califormia. [l asmann J. Biol., 12: 3-251.

Hastings, S. G, J. B. Larsex anp C. E. Lang, 1967. Effects of nematoeyst toxin of Physalia
physalis on the eanine eardiovaseular system. Proc. Soc. Exp. Biol. Med., 125: 41-45.

Kuixg, E. S, axp V. S, Waravpekag, 1960, Inhibitor of suecinoxidase aetivity from [ ydra
littoralis.  J. Biol. Chem., 235 : 1803-1808.

Lang, C. E., 1961. Physalia nematoeysts and their toxin. Pages 169-178 in H. M. Lenhoff
and W. F. Loomis, Eds., The Biology of Hydra. University of Miami Press, Coral
Gables, Florida.

Lang, C. E, anp E. Donce, 1958. The toxicity of Physalia nematocysts. Biol. Bull., 115:
219-226.

Lextz, T. L., anp J. G. Woon, 1964. Amines in the nervous system of coelenterates. J.
Histochem. Cytochem., 12: 37.

Lowry, O. H., N. J. Roserrovcir, A. L. Farr axp R. RaxparLr, 1951, Protemn measurement
with the Folin phenol reagent. J. Biol. Chem., 193: 265-275.

Martin, E. J., 1966. The maecromolecular toxin of sea anemones. Pages 136-138 i R. L.
Bowman, Ed., Proccedings of the Symposia of the Galapagos International Scicntific
Project, 7-18 Jan., 1964, Berkeley. University of California Press, Berkeley.

Mariias, A. P., D. M. Ross anp M. Scractegr, 1960. The distribution of 5-hydroxytrypta-
mine, tetramethylammonrium, homarine, and other substanees in sea anemones. J.
Physiol., 151: 296-331.

MEeites, S, anp W. R, FAULKNER, 1962, Manual of Practical Micro and General Procedures
i Clinical Chennstry.  Charles C Thomas, Springfield.

PuicLies, J. H. 1956. Isolation of active nematocytes of Metridium senile and their ehemical
composition.  Nature, 178: 932.

PuiLLirs, J. H., axp D. P. Apporr, 1958. lIsolation and assay of the nematoeyst toxin of
Metridium sentle fimbriatum.  Biol. Bull,, 113: 296-301.

Picken, L. E. R, axp R. J. Skaegr, 1966. A review of researches on nematoeysts. DPages
19-50 in W. J. Ross, Ed., The Cnidaria and their Evolution.  Aeademie Press, Aber-
deen.



NEMATOCYST TOXIN OF METRIDIUM 399

Ricuet, C., axDp P. Poktiegr, 1936. Recherches sur la toxine des coelenteres et las phenomenes
d'anaphylaxie. Resultats des campagnes scientifiques Monaco, 95: 3-24.

SxEpEcor, G. W, axp W. G. Cocurax, 1967. Statistical Methods. lowa State University
Press, Ames, Towa, 593 pp.

UpeNrFrIEND, S., C. T. Crarx axp A. NEssBacH, 1935, The cstimation of 5-hydroxytrypta-
mine in biological tissues. J. Biol. Chem., 215: 337-344.

WEeLsH, J. H., 1956. On the nature and action of coelenterate toxins. Decp Sea Res. Supp..
3: 287-297.

WevLst, J. H., 1960. 5-hydroxytryptamine in coelenterates. Nature, 186: 811-812.

Wersw, J. H., 1961. Compounds of pharmacological interest in coelenterates. Pages 179-186
in H. M. Lenhoff and W. IF. Loomis, Eds.,, The Biology of [ydra. University of
Miami Press, Coral Gables, Florida.

WeLsH, J. H., axp P. B. Brock, 1958. Quaternary ammoniumm bases in the coelenterates.
Biol. Bull., 115: 5351-561.

WEest, E. S, axp W. R, Toop, 1962. Texthook of Biochemistry. Macmillan Company, New
York, 1356 pp.

Yaxaaira, T. M., 1939, Physiological mechanism of nematocyst responses in sea anemone, J.

E.xp. Biol., 36: 478-494.



